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(54) LITHIUM-CONTAINING COMPOSITE OXIDE AND NONAQUEOUS SECONDARY CELL USING 
THE SAME, AND METHOD FOR MANUFACTURING THE SAME 



(57) Because of the composition represented by 
General 



Formula: 



Li 1 +x+a Ni ( 1-x-y+5)/2 Mn < 1 -x-y-«)/2 M y 0 2 



(where 0 < x < 0.05, -0.05 < x+a < 0.05, 0 < y < 0.4; -0.1 
< 5 < 0.1 (when 0 < y < 0.2) or -0.24 < 8 < 0.24 (when 
0.2 < y < 0.4); and M is at least one element selected 
from the group consisting of Ti, Cr, Fe, Co, Cu, Zn, Al, 



Ge and Sn), a high-density lithium-containing complex 
oxide with high stability of a layered crystal structure and 
excellent reversibility of charging/discharging can be 
provided, and a high-capacity non-aqueous secondary 
battery excellent in durability is realized by using such 
an oxide for a positive electrode. 
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Description 
Technical Field 

5 [0001] The present invention relates to a lithium-containing complex oxide that can be used as a material for a positive 
electrode of a non-aqueous secondary battery, a non-aqueous secondary battery using the lithium-containing complex 
oxide, and a method for producing the lithium-containing complex oxide. 

Background Art 

10 

[0002] In recent years, along with the development of portable electronic equipment such as mobile phones and 
notebook computers, and the commercialization of electric automobiles, there is an increasing demand for a miniatur- 
ized and lightweight secondary battery with a high capacity. At present, as a secondary battery with a high capacity 
satisfying this demand, a non-aqueous secondary battery such as a lithium secondary battery using LiCo0 2 for a 
15 positive electrode and a carbon material for a negative electrode is being commercialized. Such a lithium secondary 
battery has a high energy density, and can be miniaturized and reduced in weight, so that it has been paid attention 
to as a power source of portable electronic equipment. 

[0003] LiCo0 2 used as a material for a positive electrode of the lithium secondary battery is easy to produce and 
handle, so that it is often used as a preferable active material. However, LiCo0 2 is produced using cobalt, which is 
20 rare metal, as a material. Therefore, it is conceivable that a material shortage will become serious in the future. Fur- 
thermore, the price of cobalt itself is high and fluctuates greatly, so that it is desired to develop a material for a positive 
electrode that can be supplied stably at a low cost. 

[0004] In view of the above, materials of a lithium-manganese oxide type are expected to be a prospective substitute 
for UCo0 2 as a material for a positive electrode of a lithium secondary battery. Among them, lithium-manganese oxides 

25 with a Spinel structure, such as Li 2 Mn 4 0 9 , Li 4 Mn 5 0 12> and LiMn 2 0 4 , are being investigated. In particular, LiMn 2 0 4 can 
be charged/discharged in a potential range in the vicinity of 4 V against Li metal. The use of LiMn 2 0 4 is disclosed in 
at least the following (JP 6(1994)-76824 A, JP 7(1995)-73883 A, JP 7(1995)-230802 A, JP 7(1995)-245106 A, etc.). 
[0005] The theoretical discharge capacity of LiCo0 2 is 274 mAh/g. However, when deep charging/discharging is 
conducted, LiCo0 2 is changed in phase to influence a cycle life. Therefore, in an actual lithium secondary battery, the 

30 practical discharge capacity falls in a range of 125 to 140 mAh/g. 

[0006] In contrast, the theoretical discharge capacity of LiMn 2 0 4 is 148 mAh/g. However, LiMn 2 0 4 also is changed 
in phase during charging/discharging in the same way as in LiCo0 2 , Furthermore, in the case of using a carbon material 
as a negative active material, since the irreversible capacity of the carbon material is large, the discharge capacity that 
can be used in the case where LiMn 2 0 4 is used actually for a battery is decreased to about 90 to 105 mAh/g. As is 

35 apparent from this, when LiMn 2 0 4 is used as a positive active material, the battery capacity cannot be increased 
compared with the case where LiCo0 2 is used as a positive active material. 

[0007] Furthermore, the true density of LiCo0 2 is 4.9 to 5.1 g/cm 3 , whereas the true density of LiMn 2 0 4 is very low 
(i.e., 4.0 to 4.2 g/cm 3 ). Therefore, considering the filling property as a positive active material, LiMn 2 0 4 is more disad- 
vantageous in terms of the capacity. 
40 [0008] Furthermore, in a lithium secondary battery using LiMn 2 0 4 as a positive active material, the structure of 
LiMn 2 0 4 . itself is unstable during charging/discharging. Therefore, there is a problem that the cycle characteristics of 
the LiMn 2 0 4 type battery are worse than those of the LiCo0 2 type battery. 

[0009] In order to solve the above-mentioned problem, it also is considered that a layered lithium-manganese oxide 
of LiMn0 2 or the like having a structure different from that of LiMn 2 0 4 is used as a material for a positive electrode. 
45 However, as a result of the detailed study of this oxide by the inventors of the present invention, it was found that the 
properties such as the structure and characteristics are changed remarkably due to the composition of a compound, 
in particular, the presence of elements constituting the oxide other than Li and Mn, the kind thereof, and the ratio of 
quantity thereof, and the process in which the oxide is formed. 

[0010] For example, in the case where the average valence of Mn approaches 3 due to the fluctuation of the com- 
50 position of Spinel type lithium-manganese oxide (LiMn 2 0 4 ) t the crystal structure of the above-mentioned oxide is 
strained to cause a phase change from the Spinel structure of a cubic to a tetragonal, whereby LiMn0 2 is formed. The 
phase change from the cubic to the tetragonal occurs along with charging/discharging in a potential range in the vicinity 
of 3 V with respect to lithium. Therefore, the lithium secondary battery using the Spinel type lithium-manganese oxide 
(LiMn 2 0 4 ) as a material for a positive electrode cannot be used in the same way as in the above-mentioned lithium 
55 secondary battery that is charged/discharged at a voltage in the vicinity of 4 V. 

[001 1] Furthermore, in the case where the structure molar ratio (Li/Mn) is 1 , due to the Jahn-Teller effect of trivalent 
Mn, the crystal structure of LiMn0 2 exhibits an orthorhombic system. 

[001 2] This compound (LiMn0 2 ) can be charged/discharged electrochemically at a Li quantity ratio of 0 to 1 .0, which 
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results in a discharge capacity of about 285 mAh/g in terms of theory. However, as the ratio of tetravalent Mn is increased 
during initial charging, a phase transition to a Spinel structure occurs. Therefore, the initial charge/discharge curve and 
the second and subsequent charge/discharge curves exhibit different shapes. In addition, the discharge capacity in 
the case where discharging is terminated at a voltage of 3.5 V or more is decreased remarkably from a theoretical 
5 value. Furthermore, the structure is changed with the movement of Mn during charging/discharging. Therefore, cycle 
durability is insufficient, and rapid charging/discharging cannot be conducted. 

[0013] Therefore, in order to commercialize a layered lithium-manganese oxide such as LiMn0 2 , it is required to 
solve the problems involved in stabilization of a crystal structure, an increase in capacity due to the enhancement of 
reversibility of charging/discharging, and durability during a charge/discharge cycle. 

10 

Disclosure of Invention 

[0014] The present invention, in one aspect, provides a lithium-containing complex oxide that has a stable structure, 
is excellent in reversibility of charging/discharging and durability during a charge/discharge cycle, and has a high energy 
15 density per volume, and to provide a non-aqueous secondary battery using the lithium-containing complex oxide for a 
positive electrode, which is excellent in durability such as cycle characteristics. 

[0015] More specifically, a lithium-containing complex oxide of the present invention includes a composition repre- 
sented by General Formula: Li 1+x+a Ni {1 . x . y . 5)/ 2Mn (1 . x . y . 6)/ 2M y 02 (where 0 < x < 0.05, -0.05 < x+a < 0,05, 0 < y < 0.4; 
-0.1 < 8 < 0.1 {when 0 < y < 0.2) or -0.24 < 8 < 0.24 (when 0.2 < y < 0.4); and M is at least one element selected from 
20 the group consisting of Tl, Cr, Fe, Co, Cu, Zn, Al, Ge and Sn). 

[0016] Furthermore, a method for producing a lithium-containing complex oxide having a composition represented 
by General Formula: Li 1+x+a Ni (1 . x . y+6 y 2 Mn (1 . x . y ^y 2 M y 02 (where 0 < x < 0.05, -0.05 < x+a < 0.05, 0 < y < 0.4; -0.1 < 8 

< 0.1 (when 0 < y < 0.2) or -0.24 < 8 < 0.24 (when 0.2 < y < 0.4); and M is at least one element selected from the group 
consisting of Ti, Cr, Fe, Co, Cu, Zn, Al, Ge and Sn) is characterized by sintering a complex compound containing at 

25 least Ni and Mn as constituent elements and a Li compound. 

[0017] Furthermore, a non-aqueous secondary battery of the present invention includes a positive electrode made 
of a positive active material, a negative electrode made of a negative active material, and a non-aqueous electrolyte, 
wherein the positive active material is a lithium-containing complex oxide having a composition represented by General 
Formula: Li 1+x+a Ni {1 . x . y+5 y2Mn (1 . x . y ^y2M y 02 (where 0 < x < 0.05, -0.05 £ x+a < 0.05, 0 < y < 0.4; -0.1 < 8 ^ 0.1 (when 

30 0 < y < 0.2) or -0.24 < 8 < 0.24 (when 0.2 < y < 0.4); and M is at least one element selected from the group consisting 
of Ti, Cr, Fe, Co, Cu, Zn, Al, Ge and Sn). 

Brief Description of Drawings 

35 [0018] 

FIG. 1 is a view showing an X-ray diffraction pattern of a lithium-containing complex oxide synthesized in Example 
1 according to the present invention. 

FIG. 2 is a view showing an X-ray diffraction pattern of a lithium-containing complex oxide synthesized in Example 
*o 8 according to the present invention. 

FIG. 3 is a view showing an X-ray diffraction pattern of a lithium-containing complex oxide synthesized in Example 
9 according to the present invention. 

FIG. 4 is a view showing an X-ray diffraction pattern of a lithium-containing complex oxide synthesized in Com- 
parative Example 4 according to the present invention. 
45 FIG. 5 is a view showing an X-ray diffraction pattern of a lithium-containing complex oxide synthesized in Com- 

parative Example 5 according to the present invention. 

FIG. 6 is a view showing discharge curves of positive electrodes of batteries using, for positive electrodes, the 
lithium-containing complex oxides synthesized in Examples 1, 6, and 8 according to the present invention, and 
Comparative Examples 1 and 2. 

50 

Best Mode for Carrying Out the Invention 

[0019] Hereinafter, the present invention will be described in more detail by way of embodiments. The lithium-con- 
taining complex oxide of the present invention is a complex oxide in a very limited composition range based on a 
55 composition containing at least Ni and Mn as constituent elements, in which the quantity ratio between Ni and Mn is 
1:1, represented by General Formula: Li 1+x+a Ni (1 . x . y+6 y2Mn (1 . x . y . 6 y2M y 0 2 (where 0 £ x < 0.05, -0.05 < x+a < 0.05, 0 

< y < 0.4; -0.1 < 8 < 0.1 (when 0 < y < 0.2) or -0.24<S<0.24 (when 0.2< y £ 0.4); and M is at least one element selected 
from the group consisting of Ti, Cr, Fe, Co, Cu, Zn, Al, Ge and Sn). 
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[0020] According to the present invention, the reason why a lithium-containing complex oxide only in the limited 
composition range is selected is as follows. In a fithium-manganese oxide, as described above, when the ratio of 
trivalent Mn is increased, the crystal structure is strained due to the Jahn-Teller effect, and the potential of charging/ 
discharging is lowered. Therefore, it is required to set the valence of Mn to be dose to 4. However, as the ratio of 
5 tetravalent Mn is increased, a phase transition to a Spinel structure is likely to occur, which necessitates stabilization 
of the crystal structure. 

[0021] The inventors of the present invention considered that, in order to solve the above-mentioned problems, it is 
effective to increase the average valence of Mn by allowing an excess amount of Li to be contained in LiMn0 2 or to 
substitute an element (e.g., Co, Ni, etc.) capable of stably constituting a layered lithium-containing complex oxide for 

10 Mn of LiMn0 2 , and studied the quantity ratio of Li, the kind of substituent elements, and the quantity ratio thereof in detail. 
[0022] Consequently, the following was found: in a composition range based on the composition represented by 
General Formula LiNi l/2 Mn 1/2 0 2 in which the quantity ratio between Ni and Mn is 1/2 : 1/2 (i.e., 1 : 1), Li is substituted 
for Ni and Mn by x/2, respectively, the quantity ratio between Ni and Mn is shifted from 1/2 : 1/2 by 8/2 and -5/2, 
respectively, the quantity ratio of Li has a width of a, and an element M (where M is at least one element selected from 

15 the group consisting of Ti, Cr, Fe, Co, Cu, Zn, Al, Ge and Sn) is substituted for Ni and Mn by y/2, respectively; that is, 
in a composition range represented by General Formula: Li Ux+0t Ni (1 . x . y+5)/2 Mn (1 . x . y ^ )/2 M y O 2 (where 0 < x < 0.05, -0.05 

< x+oc < 0.05, 0 < y < 0.4; -0.1 < 6 < 0.1 (when 0 < y < 0.2) or -0.24 < 5 < 0.24 (when 0.2 < y < 0.4); and M is at least 
one element selected from the group consisting of Ti, Cr, Fe, Co, Cu, Zn, Al, Ge and Sn), a lithium-containing complex 
oxide whose layered crystal structure is stabilized and which is excellent in reversibility of charging/discharging and 

20 durability during a charging/discharging cycle in a potential range in the vicinity of 4 V can be obtained. The following 
also was found: particularly, in the case of y > 0, i.e., in the case where the element M is added, a lithium-containing 
complex oxide having more excellent characteristics can be obtained. 

[0023] This is considered to be caused by the following: the average valence of Mn in the lithium-containing complex 
oxide has a value in the vicinity of 4 (about 3.3 to 4); and movement of Mn in the crystal is suppressed in the course 
25 of doping of Li and removal of Li during charging/discharging. According to the present invention, as the valence of 
Mn, a value measured by an X-ray absorption spectrometer was used. 

[0024] Furthermore, as described above, when the lithium-containing complex oxide containing at least Ni and Mn 
as constituent elements, having a stable layered structure and being excellent in reversibility of charging/discharging 
and durability during a charging/discharging cycle, is subjected to an X-ray diffraction measurement using a CuKct-ray, 
30 diffraction peaks corresponding to those of (003) and (104) of LiNi0 2 are present at a diffraction angle 28 in the vicinity 
of 18° and 44°, one for each, and in a range of 63° to 66°, two diffraction peaks corresponding to those of (108) and 
(110) are present. Thus, it was found that the above-mentioned lithium-containing complex oxide is a single-phase 
complex oxide having the same characteristics as those of LiNi0 2 . 

[0025] The diffraction pattern was studied in more detail. Consequently, the following also was found: assuming that 
35 the areas of the diffraction peaks in the vicinity of 18° and 44° (i.e., accumulated intensity) are l 18 and 144, the ratio l 44 / 
l 18 is 0.9 < l 44 /l 18 £ 1.2 (when 0 < y < 0.2) or 0.7 < l 44 /l 18 < 1 (when 0.2 < y < 0.4), and the difference 9a between 
diffraction angles (26) of two diffraction peaks in the above-mentioned range of 63° to 66° is 0.3° < 9a £ 0.6° (when 0 

< y < 0.2) or 0.55° < 6a <, 0.75° (when 0.2 < y < 0.4). 

[0026] The lithium-containing complex oxide having such a charging/discharging curve can be charged/discharged 
40 in a voltage range in the vicinity of 4 V in the same way as in LiMn 2 0 4 having a Spinel structure, and can be substituted 
for LiCo0 2 that is a conventional positive active material. 

[0027] It also was found that the lithium-containing complex oxide having the above-mentioned composition has a 
large true density (i.e., 4.55 to 4.95 g/cm 3 ) and a high volume energy density. The true density of the lithium-containing 
complex oxide containing Mn in a predetermined range is varied largely depending upon the composition thereof. 

45 However, its structure is stabilized and a single phase is likely to be formed in the above-mentioned narrow composition 
range. Therefore, the above-mentioned lithium-containing complex oxide is considered to have a large true density 
close to that of LiCo0 2 . Particularly in the case of a composition close to a stoichiometric ratio, the true density becomes 
a large value, and in -0.015 < x + a < 0.015, a high-density complex oxide of about 4.7 g/cm 3 or more is obtained. 
[0028] Furthermore, as described above, the lithium-containing complex oxide of the present invention is based on 

50 the composition in which the quantity ratio between Ni and Mn is 1 : 1 as in LiNi 1/2 Mn 1/2 0 2 . However, the composition 
was studied in more detail, the following was found: a lithium-containing complex oxide having particularly excellent 
characteristics can be obtained in the vicinity of the composition where the quantity ratio of Ni, Mn and M is 1 : 1 : 1 (i. 
e., the composition represented by General Formula: LiNi 1/3 Mn 1/3 M 1/3 0 2 where y = 1/3). 

[0029] In the above-mentioned General Formula: Li^^Ni^^.y^^Mn^^.y^^My^ (where M is at least one element 
55 selected from the group consisting of Ti, Cr, Fe, Co, Cu, Zn, Al, Ge and Sn), in the composition range of 0 < y < 0.2, 
only a small shift (5/2) in quantity ratio between Ni and Mn can be permitted, whereas in the composition range of 0.2 

< y < 0.4, the stability of the crystal structure becomes higher, and a single phase is likely to be formed. As a result, 
even if a shift in quantity ratio between Ni and Mn is increased, an intended lithium-containing complex oxide can be 
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obtained. Therefore, in the above-mentioned General Formula, when 0 < y < 0.2, the range of 8 becomes narrow (i. 
e., -0.1 < 8 < 0.1 ), whereas when 0.2 < y < 0.4, the range of 8 becomes wide (i.e., -0.24 < 8 < 0.24). 
[0030] Furthermore, in the composition range of 0.2 < y < 0.4, the true density becomes larger than that of the 
compound in the composition range of 0 < y < 0.2. Therefore, it also was clarified that such a material is suitable for a 
5 higher capacity. More specifically, a compound with a stoichiometric composition has a true density of about 4.75 to 
4.95 g/cm 3 in the composition range of 0.2 < y < 0.4, whereas it has a true density of about 4.55 to 4.74 g/cm 3 in the 
composition range of 0 < y < 0.2. 

[0031] Herein, the reason why the upper limit value of y is set to be 0.4 is that when the composition at y > 0.4, i.e., 
the substitution amount by the element M becomes larger than 0.4, a heterogeneous phase is likely to be formed in 

10 an intended complex oxide, impairing the stability of the compound. 

[0032] The use of a compound in a very wide composition range containing a composition range of the lithium- 
containing complex oxide of the present invention as a material for a positive electrode of a non-aqueous secondary 
battery has already been disclosed in JP 3064655 B, JP 9(1997)-199127 A, JP 10(1998)-69910 A, JP 2000-294242 
A, and the like. However, none of them discloses that a lithium-containing complex oxide having particularly excellent 

*5 characteristics is obtained in a limited composition range where the quantity ratio between Ni and Mn is in the vicinity 
of 1 : 1 as disclosed by the present invention; Thus, the present invention would not have been obvious over these 
prior arts. 

[0033] In the above-mentioned lithium-containing complex oxide, it is very difficult to obtain a single phase only by 
mixing a Li compound, a Mn compound, a Ni compound, and the like, followed by sintering. 
20 [0034] The reason for this is considered as follows: since the diffusion speed of Ni, Mn and the like in a solid is low, 
it is difficult to allow them to be diffused uniformly in a synthesis reaction, so that they are not distributed uniformly in 
a generated oxide. 

[0035] The inventors of the present invention also studied a method for synthesizing the above-mentioned oxide in 
detail, and consequently, found that a single phase of the lithium-containing complex oxide of the present invention 

25 can be synthesized relatively easily by sintering a complex compound containing at least Ni and Mn as constituent 
elements and a Li compound. More specifically, a complex compound of constituent elements such as Ni and Mn is 
synthesized previously, and the resultant compound is sintered together with a Li compound, whereby the metal element 
is distributed uniformly during the reaction of formation of the oxide, and hence, the formation of a single phase can 
be simplified. Needless to say, the method for synthesizing the lithium-containing complex oxide of the present invention 

30 is not limited to the above method. However, the physical properties (i.e., the structure stability, reversibility of charging/ 
discharging, true density, and the like) of a complex oxide to be generated are considered to be varied largely depending 
upon which synthesis process is used. 

[0036] Herein, as the complex compound containing at least Ni and Mn as constituent elements, for example, a 
coprecipitated compound containing at least Ni and Mn, a hydrothermally synthesized compound containing at least 

35 Ni and Mn, a mechanically synthesized compound containing at least Ni and Mn, and compounds obtained by heat- 
treating these compounds may be used. An oxide or a hydroxide of Ni and Mn such as Ni 0 5 Mn 0 5 (OH) 2 , NiMn 2 0 4 , and 
Ni 0 5 Mn 0 5 OOH can be used preferably. In the case of synthesizing a lithium-containing complex oxide containing M 
as a constituent element (M is at least one element selected from the group consisting of Ti, Cr, Fe, Co, Cu, Zn, Al, 
Ge and Sn), an intended oxide can be obtained by mixing a complex compound containing at least Ni and Mn, a Li 

<o compound, and a compound containing M, followed by sintering. If possible, it is preferable to use a complex oxide 
containing M in addition to Ni and Mn from the beginning. The quantity ratio of Ni, Mn and M in the above-mentioned 
complex compound should be selected appropriately in accordance with the composition of an intended lithium-con- 
taining complex oxide. 

[0037] As the Li compound, various lithium salts can be used. Examples of the lithium salts include lithium hydroxide 
45 • monohydrate, lithium nitrate, lithium carbonate, lithium acetate, lithium bromide, lithium chloride, lithium citrate, lithium 

fluoride, lithium iodide, lithium lactate, lithium oxalate, lithium phosphate, lithium pyruvate, lithium sulfate, lithium oxide, 

and the like. Among them, lithium hydroxide • monohydrate is used most preferably because it does not generate gas 

that adversely affects an environment, such as carbon dioxide, nitrogen oxide, and sulfur oxide. 

[0038] The complex compound containing at least Ni and Mn as constituent elements and the Li compound are 
50 mixed in a ratio substantially in accordance with the composition of an intended lithium-containing complex oxide. For 

example, the mixture is sintered in an atmosphere containing oxygen at 700°C to 1100°C for 1 to 24 hours, whereby 

a lithium-containing complex oxide of the present invention can be synthesized. 

[0039] Regarding the heat treatment for the above-mentioned sintering, it is preferable that the mixture is once heated 
to a temperature (about 250°C to 850°C) lower than a sintering temperature instead of being heated to a predetermined 
55 temperature directly, pre-heated at the temperature, and further heated to a sintering temperature so as to effect a 
reaction. The reason for this is as follows: in the generation process of the lithium-containing complex oxide of the 
present invention, the reaction between the Li compound and the complex compound containing at least Ni and Mn 
as constituent elements is effected in stages, and the lithium-containing complex oxide is generated finally via an 
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intermediate product. More specifically, in the case where the mixture is heated to a sintering temperature directly, the 
Li compound and the complex compound containing at least Ni and Mn as constituent elements are reacted partially 
up to the final stage, and the lithium-containing complex oxide thus generated may hinder the reaction of an unreacted 
substance and impair the uniformity of the composition. Furthermore, in order to shorten a time required for a reaction 

5 process and obtain a homogeneous lithium-containing complex oxide, it is effective to conduct heating in stages. The 
time for p re-heating is not particularly limited; however, it should be conducted generally for about 0.5 to 30 hours. 
[0040] Furthermore, in the process of sintering the mixture of the Li compound and the complex compound containing 
at least Ni and Mn as constituent elements, a mixture obtained in a dry state may be used as it is. However, it is 
preferable that the mixture is dispersed in a solvent such as ethanol to form a slurry, and mixed in a planet type ball 

10 mill for about 30 to 60 minutes, followed by drying. This is because the homogeneity of the lithium-containing complex 
oxide to be synthesized is enhanced further. 

[0041] The above-mentioned heat treatment should be conducted in an atmosphere containing oxygen, i.e., in the 
air, in an environment of a mixture of inert gas (e.g., argon, helium, nitrogen, etc.) and oxygen gas, or in oxygen gas. 
The ratio of the oxygen in the environment preferably is set at 10% or more by volume. 

15 [0042] The flow rate of the above-mentioned gas is preferably 1 dm 3 /min. per 1 00 g of the mixture, more preferably 
1 to 5 dm 3 /min. In the case where the gas flow rate is small, i.e., in the case where the gas flow speed is low, a reaction 
is effected non-uniformly, whereby an impurity such as Mn 2 0 3 and Li 2 Mn0 3 is likely to be generated. 
[0043] By using the lithium-containing complex oxide of the present invention obtained by the above-mentioned 
method as a positive active material, a non-aqueous secondary battery is produced, for example, as follows. 

20 [0044] As a positive electrode, a positive electrode mixture is used as it is, which is obtained by adding, if required, 
a conductive assistant such as scaly graphite and acetylene black and a binder such as polytetrafluoroethylene and 
vinylidene polyfluoride to the above-mentioned lithium-containing complex oxide. Alternatively, a substrate that also 
functions as a charge collector is coated with or impregnated with the positive electrode mixture, whereby the positive 
electrode mixture is used under the condition of being integrated with the substrate. Examples of the substrate include 

25 a net of metal such as aluminum, stainless steel, titanium and copper; punching metal, expanded metal, foamed metal, 
metal foil, and the like. 

[0045] As a positive active material, the above-mentioned lithium-containing complex oxide may be used by itself. 
In addition, the above-mentioned lithium-containing complex oxide may be mixed with another active material, or the 
lithium-containing complex oxide may be used as a complex with another active material. For example, the electron 

30 conductivity of the above-mentioned lithium-containing complex oxide is inferior to that of the lithium-containing cobalt 
oxide such as LiCo0 2 . Therefore, a voltage drop is likely to be increased during discharging of a large current or at 
the end of discharging. However, by using a lithium-containing cobalt oxide excellent in electron conductivity mixed 
with the lithium-containing complex oxide, the voltage drop can be suppressed, whereby discharge characteristics can 
be enhanced. As the lithium-containing cobalt oxide, not only LiCo0 2 but also a compound such as LiCo.,, t Ni t 0 2 ob- 

35 tained by substituting another element (e.g., Ni) for a part of Co of LiCo0 2 can be used. In this case, if the ratio of the 
lithium-containing cobalt oxide is increased too much, durability such as high-temperature storage characteristics is 
likely to be decreased. Therefore, it is required that the ratio of the lithium-containing cobalt oxide is set to be 50% or 
less by mass, based on the entire active material. 

[0046] Furthermore, as a negative active material to be opposed to the positive electrode, lithium or a lithium-con- 
40 taining compound generally is used. Examples of the lithium-containing compound include a lithium alloy such as a 
Li-AI alloy, a Li-Pb alloy, a Li-ln alloy and a Li-Ga alloy; elements capable of forming an alloy with lithium such as Si, 
Sn, and a Mg-Si alloy; and an alloy mainly containing these elements. Furthermore, a carbon material such as graphite 
and fibrous carbon, a lithium-containing complex nitride, and the like can be used in addition to an oxide material such 
as a Sn oxide and a Si oxide. Furthermore, the above-mentioned plurality of materials may be combined, and a complex 
45 of a carbon material and Si also is used preferably. The same method as that of the positive electrode also applies to 
the production of the negative electrode. 

[0047] Although varied depending upon the kind of a negative active material, the ratio between the positive and 
negative active materials generally is set as (mass of a positive active material)/(mass of a negative active material) 
= 1.5 to 3.5, whereby the characteristics of the lithium-containing complex oxide can be utilized. In the case of using, 

50 as a negative active material, elements capable of forming an alloy with lithium, an alloy mainly containing these ele- 
ments, a lithium-containing complex nitride, or a complex of these materials with another component such as a carbon 
material, the capacity of the negative electrode becomes too large at the above-mentioned ratio. Therefore, it is de- 
sirable to set (mass of a positive active material)/(mass of a negative active material) to be 4 to 7. 
[0048] Examples of a non-aqueous electrolyte in the non-aqueous secondary battery of the present invention include 

55 an organic solvent type liquid electrolyte in which an electrolyte is dissolved in an organic solvent (i.e., an electrolytic 
solution), a polymer electrolyte in which the electrolytic solution is held in a polymer, and the like. Although there is no 
particular limit to an organic solvent contained in the electrolytic solution or the polymer electrolyte, it is preferable that 
the organic solvent contains a chain ester in terms of the load characteristics. Examples of the chain ester include 



6 



EP 1 295 851 A1 



chain carbonate such as dimethyl carbonate, diethyl carbonate and ethyl methyl carbonate; ethyl acetate; and methyl 
propionate. These chain esters may be used alone or in combination. Particularly, in order to enhance low-temperature 
characteristics, it is preferable that the above-mentioned chain ester occupies 50% by volume of the entire organic 
solvent. It is particularly preferable that the chain ester occupies 65% by volume or more of the entire organic solvent. 

5 [0049] The organic solvent preferably is composed of the above-mentioned chain ester mixed with another ester 
having a high dielectric constant (30 or more), so as to enhance a discharge capacity, instead of being composed of 
only the above-mentioned chain ester. Examples of such an ester include cyclic carbonate such as ethylene carbonate, 
propylene carbonate, butylene carbonate and vinylene carbonate, y-butylolactone, ethylene glycol sulfite, and the like. 
In particular, an ester with a cyclic structure such as ethylene carbonate and propylene carbonate is more preferable. 

10 [0050] An ester with such a high dielectric constant is contained preferably in an amount of 10% by volume, more 
preferably 20% by volume, based on the entire organic solvent, in terms of the discharge capacity. Furthermore, in 
terms of the load characteristics, the ester is contained preferably in an amount of 40% by volume or less, more pref- 
erably 30% by volume or less. 

[0051] Furthermore, examples of the solvent that can be used other than the ester having a high dielectric constant 
15 include 1 ,2-dimethoxyethane, 1 ,3-dioxolane, tetrahydrofuran, 2-methyl-tetrahydrofuran, diethylether, and the like. In 
addition, an amineimide type organic solvent, a sulfur-containing or fluorine-containing organic solvent, and the like 
can be used. 

[0052] As an electrolyte to be dissolved in the organic solvent, for example, LiCI0 4 , LiPF 6 , LiBF 4 , LiAsF 6 , LiSbF 6 , 
UCF3SO3, LiC 4 F 9 S0 3 , LiCF 3 C0 2 , Li 2 C 2 F 4 (S03)2, LiN(CF 3 S0 2 ) 2 , LiC(CF 3 S0 2 ) 3 , LiC n F 2n+1 S0 3 (n > 2), and the like 
20 are used alone or in combination. Among them, LiPF 6 , LiC 4 F 9 S0 3 , and the like that allow satisfactory charge/discharge 
characteristics to be obtained are used preferably. Although there is no particular limit to the concentration of the 
electrolyte in the electrolytic solution, the concentration is preferably about 0.3 to 1.7 mol/dm 3 , more preferably about 
0.4 to 1.5 mol/dm 3 . 

[0053] Furthermore, for the purpose of enhancing the safety and storage characteristics of a battery, an aromatic 
25 compound may be contained in a non-aqueous electrolytic solution. As the aromatic compound, benzenes having an 
alkyl group such as cyclohexylbenzene and t-butylbenzene, biphenyl, or fluorobenzenes are used preferably 
[0054] It is preferable that a separator has sufficient strength and is capable of holding a large quantity of electrolytic 
solution. In view of this, a microporous film made of polypropylene, polyethylene, polyolefin such as a copolymer of 
propylene and ethylene, a nonwoven fabric, and the like with a thickness of 5 to 50 \im are used preferably. Particularly, 
30 in the case of using a thin separator (5 to 20 urn), battery characteristics such as a charge/discharge cycle and high- 
temperature storage are likely to be degraded. However, since the lithium-containing complex oxide of the present 
invention is excellent in safety, even if such a thin separator is used, a battery is allowed to function with stability. 
[0055] Hereinafter, the present invention will be described by way of examples. The present invention is not limited 
to the examples. 

35 

(Example 1) 

[0056] Ammonium water with its pH adjusted to about 12 by addition of sodium hydroxide was placed in a reaction 
container. While strongly stirring the ammonium water, a mixed aqueous solution containing nickel sulfate and man- 

40 ganese nitrate in an amount of 1 mol/dm 3 , respectively, and 25% by mass of ammonium water were dropped onto the 
reaction container at 46 cm 3 /min. and 3.3 cm 3 /min., respectively, by using a metering pump, whereby a coprecipitated 
compound of Ni and Mn was generated. At this time, a sodium hydroxide aqueous solution with a concentration of 3.2 
mol/dm 3 also was dropped simultaneously so that the temperature of the reaction solution was kept at 50°C and the 
pH thereof was kept at about 12. Furthermore, the reaction was effected while nitrogen gas was purged at a rate of 1 

45 dm 3 /min. so that the atmosphere of the reaction solution became inactive. 

[0057] The product thus obtained was washed with water, filtered and dried to obtain a hydride containing Ni and 
Mn in a ratio of 1 : 1. Then, 0.2 mol of the hydride and 0.198 mol of LiOH«H 2 0 were obtained, and the mixture was 
dispersed in ethanol to form a slurry. Thereafter, the slurry was mixed in a planet type ball mill for 40 minutes, and dried 
at room temperature to prepare a mixture. Then, the mixture was placed in a crucible made of alumina, and heated to 

50 8 00°C at an air flow of 1 dm 3 /min. The mixture was kept at that temperature for 2 hours, whereby preheating was 
conducted. The temperature was raised further to 1000°C, and the mixture was sintered for 12 hours, whereby a 
lithium-containing complex oxide was synthesized. The prepared compound was ground in a mortar and stored as 
powder in a desicator. 

[0058] The above-mentioned oxide powder was measured for a composition by an atomic absorption spectrometer, 
55 revealing that the composition was represented by Li 0 99 Ni 0 5 Mn 0 5 0 2 . Furthermore, in order to analyze the state of 
the above-mentioned compound, X-ray absorption spectroscopy (XAS) of Mn was conducted, using BL4 beam port of 
superconducting small radiation source "Aurora" (produced by Sumitomo Electric Industries, Ltd.) at SR center of 
Ritsumeikan University. The data thus obtained was analyzed with analysis software "REX" (produced by Rigaku Den- 
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ki), based on the Literature (Journal of the Electrochemical Society, 146 P2799-2809 (1999)). In order to determine 
the valence of Mn of the above-mentioned compound, as reference samples, Mn0 2 and LiNi 0 5 Mn 1 5 0 4 (both of them 
are reference samples as compounds having Mn of which average valence is 4), LiMn 2 0 4 (reference sample as a 
compound having Mn of which average valence is 3.5), LiMn0 2 and Mn 2 0 3 (both of them are reference samples as 

s compounds having Mn of which average valence is 3), and MnO (reference sample as a compound having Mn of which 
average valence is 2) were used. A regression line representing the relationship between the K absorption edge position 
of Mn of each reference sample and the valence of Mn was obtained. As a result, the K absorption edge position of 
Mn0 2 was substantially the same as that of LiNi 0 ^Mr^ 5 0 4 . Therefore, the average valence of Mn of the above-men- 
tioned compound was determined to be about 4. 

10 [0059] Regarding Ni, it was not possible to obtain a compound appropriate as a reference sample having Ni with a 
valence of 3 or more, so that its exact valence was not obtained. However, the K absorption edge position of the 
reference sample having Ni was substantially the same as that of NiO and LiNi 0 5 Mn 1 5 0 4 that are compounds having 
Ni of which average valence is 2. Therefore, it was assumed that the average valence of Ni of the above-mentioned 
compound is about 2. 

15 

(Example 2) 

[0060] First, 0.198 mol of hydroxide containing Ni and Mn in a ratio of 1 : 1 , synthesized in the same way as in 
Example 1 and 0.202 mol of LiOH • H 2 0 were obtained, and a lithium-containing complex oxide represented by 
20 Lii.oi N 'o.495 Mn o.495°2 was synthesized in the same way as in Example 1 . 

(Example 3) 

[0061] First, 0.196 mol of hydroxide containing Ni and Mn in a ratio of 1 : 1, synthesized in the same way as in 
25 Example 1 and 0.204 mol of LiOH • H 2 0 were obtained, and a lithium-containing complex oxide represented by 
Li i.02 Ni o.49 Mn o.49°2 was synthesized in the same way as in Example 1. 

(Example 4) 

30 [0062] First, 0.194 mol of hydroxide containing Ni and Mn in a ratio of 1 : 1, synthesized in the same way as in 
Example 1 and 0.206 mol of LiOH • H 2 0 were obtained, and a lithium-containing complex oxide represented by 
L 'i.03 N 'o.485 Mn o.485°2 was synthesized in the same way as in Example 1. 

(Example 5) 

35 

[0063] First, 0.192 mol of hydroxide containing Ni and Mn in a ratio of 1 : 1 t synthesized in the same way as in 
Example 1 and 0.208 mol of LiOH • H 2 0 were obtained, and a lithium-containing complex oxide represented by 
L^ 04 Ni 0 48 Mn 0 48 O 2 was synthesized in the same way as in Example 1. 

40 (Example 6) 

[0064] First, 0.1 9 mol of hydroxide containing Ni and Mn in a ratio of 1 : 1 , synthesized in the same way as in Example 
1 and 0.21 mol of LiOH • H z O were obtained, and a lithium-containing complex oxide represented by 
Li i.05 N 'o.475 Mn o.475°2 was synthesized in the same way as in Example 1. 

45 

(Example 7) 

[0065] A hydroxide containing Ni, Mn and Co in a ratio of 4.5 : 4.5 : 1 was synthesized in the same way as in Example 
1, except that a mixed aqueous solution containing nickel sulfate, manganese nitrate and cobalt sulfate in a ratio of 
50 0.9 mol/dm 3 , 0.9 mol/dm 3 and 0.2 mol/dm 3 , respectively, was dropped. A lithium-containing complex oxide represented 
by Li 0 99 Ni 0 45 Mn 0 45 Co 0 n 0 2 was synthesized in the same way as in Example 1. 

(Example 8) 

55 [0066] A lithium-containing complex oxide represented by Li 0 99 Ni 0 375 Mn 0 375 Co 0 25 0 2 was synthesized in the same 
way as in Example 1 , except that a mixed aqueous solution containing nickel sulfate, manganese nitrate and cobalt 
sulfate in a ratio of 0.75 mol/dm 3 , 0.75 mol/dm 3 and 0.5 mol/dm 3 , respectively, was dropped. 
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(Example 9) 

[0067] A lithium-containing complex oxide represented by Lio.99N%34Mn 0 33 Co 0 38 0 2 was synthesized in the same 
way as in Example 1, except that a mixed aqueous solution containing nickel sulfate, manganese nitrate and cobalt 
5 sulfate in a ratio of 0.67 mol/dm 3 , 0.66 mol/dm 3 and 0.66 mol/dm 3 , respectively, was dropped. 

(Example 10) 

[0068] A lithium-containing complex oxide represented by Li 0 99 Ni 0 3 Mn 0 3 Co 0 4 0 2 was synthesized in the same way 
10 as in Example 1 , except that a mixed aqueous solution containing nickel sulfate, manganese nitrate and cobalt sulfate 
in a ratio of 0.6 mol/dm 3 , 0.6 mol/dm 3 and 0.8 mol/dm 3 , respectively, was dropped. 

(Comparative Example 1) 

15 [0069] First, 0.2 mo! of LiOH-H 2 0 and 0.2 mol of MnOOH were obtained and mixed in a planet type ball mill for 30 
min. to obtain a mixture. The mixture was placed in a crucible made of alumina. The mixture was sintered at 450°C 
for 1 0 hours at a nitrogen stream of 1 dm 3 /min, whereby orthorhombic lithium-manganese oxide represented by LiMn0 2 
was synthesized. 

20 (Comparative Example 2) 

[0070] 0.18 mol of hydroxide containing Ni and Mn in a ratio of 1 : 1 synthesized in the same way as in Example 1 
and 0.22 mol of LiOH-H 2 0 were obtained, and a lithium-containing complex oxide represented by Li'i iNi 0 45 Mn 0 45 O 2 
was synthesized in the same way as in Example 1 . 

25 

(Comparative Example 3) 

[0071] A lithium-containing complex oxide represented by Li 0 99 Ni 0 25 Mn 0 25 Co 0 5 0 2 was synthesized in the same 
way as in Example 1, except that a mixed aqueous solution containing nickel sulfate, manganese nitrate and cobalt 
30 sulfate in an amount of 0.5 mol/dm 3 , 0.5 mol/dm 3 and 1 mol/dm 3 , respectively, was dropped. 

(Comparative Example 4) 

[0072] A lithium-containing complex oxide represented by Li 0 99 Ni 0 2 Mn 0 2 Co 0 6 0 2 was synthesized in the same way 
35 as in Example 1 , except that a mixed aqueous solution containing nickel sulfate, manganese nitrate and cobalt sulfate 
in an amount of 0.4 mol/dm 3 , 0.4 mol/dm 3 and 1.2 mol/dm 3 , respectively, was dropped. 

(Comparative Example 5) 

40 [0073] A lithium-containing complex oxide represented by Li 0 99 Ni 0 25 Mn 0 75 0 2 was synthesized in the same way as 
in Example 1, except that a mixed aqueous solution containing nickel sulfate and manganese nitrate in an amount of 
0.5 mol/dm 3 and 1.5 mol/dm 3 , respectively, was dropped. 

(Comparative Example 6) 

45 

[0074] A lithium-containing complex oxide represented by Li 0 99 Ni 0 6 Mn 0 3 Co 0 n 0 2 was synthesized in the same way 
as in Example 7, except that the ratio between nickel sulfate and manganese nitrate is 1 .2 mol/dm 3 and 0.6 mol/dm 3 , 
respectively. More specifically, the lithium-containing complex oxide in Comparative Example 6 is different from Exam- 
ple 7 only in an amount ratio between Ni and Mn. 

50 

(Reference Example) 

[0075] First, 0.2 mol of LiOH-H 2 0 and 0.1 mol of Ni(OH) 2 , and 0.1 mol of MnOOH were obtained and mixed in a 
planet type ball mill for 30 minutes to obtain a mixture. The mixture was placed in a crucible made of alumina, and 
55 sintered in the air at 800°C for 10 hours, whereby a lithium-containing complex oxide represented by LiNi 0 5 Mn 0 5 0 2 
was synthesized. 

[0076] Table 1 shows the list of the respective lithium-containing complex oxides synthesized in Examples 1 to 10, 
Comparative Examples 1 to 6, and Reference Example. 
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Table 1 



10 



20 



30 





Composition [Li ^ +x+tx Ni (1 . x . y+5 y 2 Mn ( 1 -x-y-5)/2 M y°2] 




X 


x+oc 


y 


0 


Example 1 


LI 0.99 IN,, 0.5 Mn O.5 U 2 


u 


-U.U1 


U 


0 


Example 2 


1 t Mi KAr* r\ 

U 1 .01 Nl 0.495 Mn 0.495°2 


U.U1 


U.U1 


0 


0 


Example 3 


Ll 1.02 N, 0.49M r ' 049 O2 


U.Uz 




0 


0 


Example 4 


I i Mi Mn C\ 

Ll 1 .03 N, 0.485 Mn 0.485°2 


U.UJ 


U.Uo 


0 


0 


Example 5 


1 t Mi KAn r\ 

U 1.04 N, 0.48 Mn 0.48°2 


U.U4 


0.U4 


0 


0 


Example 6 


U 1.05 Nl 0.475 Mn 0.475°2 


U.UO 


U.UO 


0 


0 


Example 7 


Ll 0.99 Nl 0.45 Mn 0.45 Uo 0.1 U 2 


U 


-U.U1 


0.1 


0 


Example 8 


1 i Mi KAn f~~\ 

LI 0.99 IN '0.375 Mn 0.375 uo 0.25 u 2 


U 


-U.Ul 


0.25 


0 


Example 9 


L, 0.99 ,N, 0.34 ,V,M 0.33 OW 0.33 W 2 






n ^ 


n ni 

U.Ul 


Example 10 


Li 0.99 N '0.3 Mn 0.3 Co 0.4°2 


0 


-0.01 


0.4 


0 


Comparative Example 1 


LiMn0 2 


0 


0 


0 


-1 


Comparative Example 2 


Li 1.1 Ni 0.45 Mn 0.45°2 


0.1 


0.1 


0 


0 


Comparative Example 3 


L '0.99 Ni 0.25 Mn 0.25 Co 0.5 O 2 


0 


-0.01 


0.5 


0 


Comparative Example 4 


LI 0.99 Ni 0.2 Mn 0.2 Co 0.6°2 


0 


-0.01 


0.6 


0 


Comparative Example 5 


Li 0.99 Ni 0.25 Mn 0.75°2 


0 


-0.01 


0 


-0.5 


Comparative Example 6 


Li 0.99 Ni 0.6 Mn 0.3 Co 0.1°2 


0 


-0.01 


0.1 


0.3 


Reference Example 


LiNi 05 Mn 05 O 2 


0 


0 


0 


0 



[0077] The above-mentioned lithium-containing complex oxides in Examples 1 to 1 0 of the present invention, Com- 
parative Examples 1 to 6, and Reference Example were subjected to X-ray diffraction measurement using a CuKa 
line. The lithium-containing complex oxides in Examples 1 to 10 of the present invention, Comparative Examples 2 to 
6, and Reference Example exhibited X-ray diffraction patterns similar to that of LiNi0 2 having a layered structure, 
whereas a peak representing the generation of a heterogeneous phase was recognized in the X-ray diffraction patterns 
in Comparative Examples 3 to 5 and Reference Example. Furthermore, the X-ray diffraction pattern in Comparative 
Example 1 is an orthorhombic pattern different from that of LiNi0 2 . In Examples 1 to 10 of the present invention, and 
Comparative Examples 2 and 6, a peak caused by the generation of a heterogeneous phase was not recognized. More 
specifically, there was one diffraction peak where a diffraction angle 26 was in the vicinity of 1 8°, there was one diffraction 
peak where a diffraction angle 26 was in the vicinity of 44°, and there were two diffraction peaks where the diffraction 
angle 28 was present in the vicinity of 63° to 66°. Thus, the obtained oxide was recognized to be a single phase of the 
lithium-containing complex oxide having a structure similar to that of LiNi0 2 . In the diffraction peak where the diffraction 
angle 20 was present in a range of 63° to 66°, a peak by a Kot 2 line also was recognized adjacent to a peak by a Kc^ 
line of Cu. According to the present invention, as the diffraction peak where the diffraction angle 26 was present in a 
range of 63° to 66°, only a peak by the Ka 1 line is considered. 

[0078] Among the above diffraction patterns, the X-ray diffraction patterns in Examples 1,8,9, Comparative Example 
4 and 5 are illustrated in FIGS. 1 to 5. 

[0079] Table 2 shows values obtained by measuring the ratio (l^/l-is) between the accumulated intensities l 18 and 
l 44 of the diffraction peaks in the vicinity of 18° and 44°, and the difference 6a in diffraction angle between two diffraction 
peaks in a range of 63° to 66°. The lithium-containing complex oxide in Comparative Example 1 is different from that 
of the present invention in crystal structure. In the lithium-containing complex oxides in Comparative Examples 3 to 5 
and Reference Example, at least three diffraction peaks were present in a range of 63° to 66° due to the generation 
of a heterogeneous phase. Therefore, Table 2 does not describe the data of these compounds. 
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Table 2 



10 



20 





X-ray diffraction measurement 


Ratio of j?r*r"Mimi ilatpH tntpn^itv (\ . . f\ . 
r\auu ui aouui nuiaicu n hoi tony \ 'AA 1 1 fi / 


!"*)iffprpnpp in riiffraption annlp ^fl f°\ 
is 1 1 1 ci ci i iii vjiiiiaisUUii o i lyic l i 


Example 1 


1.13 


0.31 3 


Example 2 


1.14 


0.348 


Example 3 


1 10 




Example 4 


1.11 


0.435 


Example 5 


1.08 


0.510 


Example 6 


1.06 


0.555 


Example 7 


1.04 


0.553 


Example 8 


0.88 


0.672 


Example 9 


0.83 


0.700 


Example 10 


0.77 


0.617 


Comparative Example 2 


0.99 


0.625 


Comparative Example 6 


0.83 


0.600 



25 



30 



[0080] In the lithium-containing complex oxides in Examples 1 to 7 where 0 < y < 0.2, the accumulated intensity ratio 
Wis was ' n a ran 9 e of 0.9 to 1 .2, and the diffraction angle difference 9a was in a range of 0.3° to 0.6°. Furthermore, 
in Examples 8 to 10 where 0.2 < y < 0.4, l 44 /l 18 was in a range of 0.7 to 1 , and 9a was in a range of 0.55° to 0.75°. On 
the other hand, in Comparative Examples 2 and 6 where the composition was out of the range of the present invention, 
W' 18 or 6a deviated from the above range. In Comparative Examples 3 to 5 and Reference Example, at least three 
diffraction peaks were present in a range of 63° to 66°. 

[0081] Next, the lithium-containing complex oxides in Examples 1 to 10 of the present invention, Comparative Ex- 
amples 1 to 6, and Reference Example were measured for the true density, using a true density measurement appa- 
ratus. Table 3 shows the results. The measurement error was ±0.03 g/cm 3 at maximum. 



Table 3 



35 



40 



45 



SO 



55 





True density (g/cm 3 ) 


Example 1 


4.74 


Example 2 


4.72 


Example 3 


4.68 


Example 4 


4.65 


Example 5 


4.62 


Example 6 


4.57 


Example 7 


4.75 


Example 8 


4.76 


Example 9 


4.80 


Example 10 


4.82 


Comparative Example 1 


4.20 


Comparative Example 2 


4.38 


Comparative Example 3 


4.83 


Comparative Example 4 


4.90 


Comparative Example 5 


4.46 
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Table 3 (continued) 





True density (g/cm 3 )- 


Comparative Example 6 


4.65 


Reference Example 


4.61 



[0082] In the lithium-containing complex oxides in Examples 1 to 10 of the present invention, the true density was 
4.57 to 4.82 g/cm 3 . Particularly, in Examples 1, 2, and 7 to 10 where the oxide had substantially a stoichiometric 
10 composition (i.e., -0.01 5 < x + a < 0.01 5), the true density had a large value (i.e., 4.7 g/cm 3 or more). Among them, in 
Examples 8 to 1 0 where a substitution amount y of the element M was 0.2 < y < 0.4, the largest true density (i.e., 4.76 
g /cm 3 or more) was obtained. 

[0083] On the other hand, in Comparative Example 1 using a conventional orthorhombic complex oxide, and Com- 
parative Example 2 where the oxide had a composition remarkably shifted from the stoichiometric composition, the 

15 true density had a small value (i.e., 4.5 g/cm 3 or less). In Comparative Examples 5 and 6 where the ratio between Ni 
and Mn was out of the range of the present invention, irrespective of whether the oxide had substantially a stoichiometric 
composition, the true density was decreased, compared with Examples 1, 2, and 7 to 10 of the present invention. 
Furthermore, the lithium-containing complex oxide in Reference Example had poor homogeneity due to the generation 
of a heterogeneous phase or the remaining unreacted substance. Therefore, the true density in Reference Example 

20 was decreased, compared with the lithium-containing complex oxide in Example 1. 

[0084] Herein, the true densities of the lithium-containing complex oxides in Comparative examples 3 and 4 were 
higher than those of the examples of the present invention. This is not because complex oxides with the true density 
shown in Table 3 were obtained as a single phase, but because about 5.1 g/cm 3 of LiCo0 2 was generated as a het- 
erogeneous phase. 

25 [0085] Next, the lithium-containing complex oxides in Examples 1 to 10 of the present invention and Comparative 
Examples 1 and 2 were measured for discharge capacity by the following method. 

[0086] First, 250 parts by mass of N-methyl-2-pyrrolidone were added to 20 parts by mass of polyvinylidene fluoride 
as a binder, and the mixture was heated to 60°C to dissolve polyvinylidene fluoride in N-methyl-2-pyrrolidone, whereby 
a binder solution was prepared. The above-mentioned lithium-containing complex oxide was added in an amount of 

30 450 parts by mass as a positive active material to the binder solution. Furthermore, 5 parts by mass of carbon black 
and 25 parts by mass of graphite were added, as a conductive assistant, to the resultant mixture, followed by stirring 
to prepare a coating in the form of a slurry. The coating thus obtained was applied to both surfaces of an aluminum 
foil (thickness: 20 u.m) uniformly, and dried. Thereafter, the aluminum foil with the coating applied thereto was subjected 
to pressure forming by a roller press. The resultant aluminum foil was cut to a band-shaped positive electrode (483 

35 mm x 54 mm) having an average thickness of 190 urn. 

[0087] A separator made of a miroporous polyethylene film (thickness: 25 nm) was placed between the positive 
electrode produced as described above and a negative electrode made of a lithium foil. A non-aqueous solution was 
used as an electrolyte, in which LiPF 6 was dissolved in a concentration of 1.0 mol/dm 3 in a mixed solvent containing 
ethylene carbonate and ethyl methyl carbonate in a volume ratio of 1 : 3. A reference electrode of lithium was placed. 

40 Thus, a battery for evaluating the discharge capacity of the positive electrode was assembled. 

[0088] The above battery was charged to 4.3 V at a current density with respective to the area of the positive electrode 
of 0.2 mA/cm 2 , and discharged to 3.1 V at the same current density, whereby the discharge capacity was measured. 
Table 4 shows values obtained by converting the measured discharge capacities into values per unit mass (mAh/g) 
and per unit volume (mAh/cm 3 ) of the positive active material. FIG. 6 shows discharge curves of the positive electrodes 

45 of the batteries using the lithium-containing complex oxides in Examples 1 , 6, 8, and Comparative Examples 1 and 2. 



Table 4 



Positive active material 


Discharge capacity 


(mAh/g) 


(mAh/cm 3 ) 


Example 1 


148 


702 


Example 2 


145 


684 


Example 3 


143 


669 


Example 4 


141 


656 


Example 5 


139 


642 
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Table 4 (continued) 



Positive active material 


Discharge capacity 


(mAh/g) 


(mAh/cm 3 ) 


Example 6 


136 


622 


Example 7 


150 


713 


Example 8 


152 


724 


Example 9 


153 


734 


Example 10 


153 


737 


Comparative Example 1 


70 


294 


Comparative Example 2 


112 


491 



[0089] The lithium-containing complex oxides in Examples 1 to 10 of the present invention are capable of being 
operated at a high discharge potential of 3.5 V or more, and exhibited a large discharge capacity (i.e., 136 to 153 mAh/ 
g). In contrast, the lithium-containing complex oxides in Comparative Examples 1 and 2 had a discharge capacity of 
130 mAh/g or less, and had a true density smaller than those of the present invention. Therefore, when converted to 
a discharge capacity per unit volume, the difference in discharge capacity between the oxides of the present invention 
and those in Comparative Examples 1 and 2 became more conspicuous. 

[0090] Furthermore, in order to evaluate the characteristics of the above-mentioned lithium-containing complex ox- 
ides as a non-aqueous secondary battery, a non-aqueous secondary battery was produced in the following structure. 

(Example 11) 

[0091] By using the lithium-containing complex oxides in Examples 1 and 9 independently as a positive active ma- 
terial, non-aqueous secondary batteries were produced. A positive electrode was obtained by coating an aluminum 
foil substrate with a paste produced by mixing 92 parts by mass of the positive active material, 4.5 parts by mass of 
artificial graphite, 0.5 parts by mass of carbon black, and 3 parts by mass of polyvinylidene fluoride, followed by drying 
and pressure-forming. 

[0092] A negative electrode was obtained by coating a copper foil substrate with a paste produced by mixing 92 
parts by mass of artificial graphite, 3 parts by mass of low-crystalline carbon, and 5 parts by mass of polyvinylidene 
fluoride. 

[0093] The above-mentioned positive electrode and negative electrode were wound via a separator made of a mi- 
croporous polyethylene film (thickness: 1 6 u.m). As an electrolyte, a mixed solvent containing ethylene carbonate and 
ethyl methyl carbonate (volume ratio: 1 : 2) with LiPF 6 dissolved in a concentration of 1.2 mol/dm 3 was used. Thus, a 
cylindrical non-aqueous secondary battery with a capacity of 600 mAh was produced. The mass ratio between the 
positive active material and the negative active material [(mass of the positive active material)/(mass of the negative 
active material)] was set at 1 .9. 

(Example 12) 

[0094] A non-aqueous secondary battery was produced in the same way as in Example 1 1 , except that 70% by mass 
of the lithium-containing complex oxide in Example 1 and 30% by mass of LiCoO z were mixed as a positive active 
material. 

(Comparative Example 7) 

[0095] A non-aqueous secondary battery was produced in the same way as in Example 11 , except that the lithium- 
containing complex oxide in Comparative Example 6, LiCo0 2 and LiNi 0 8 Co 0 2 0 2 used for a commercially available 
non-aqueous secondary battery were used independently as a positive active material. 

[0096] The non-aqueous secondary batteries in Examples 11 and 12, and Comparative Example 7 were evaluated 
for cycle characteristics and high-temperature storage characteristics. The cycle characteristics were evaluated based 
on the ratio (capacity retention ratio (%)) of a discharge capacity after 100 cycles with respect to a discharge capacity 
in an initial stage of the cycle when charging/discharging was conducted at a current value of 1C (600 mA). The high- 
temperature storage characteristics were evaluated based on the change in discharge capacity before and after storage 
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when the batteries were retained at 60°C for 20 days. More specifically, the high-temperature storage characteristics 
were evaluated based on the ratio (capacity retention ratio (%)) of a discharge capacity after storage with respect to 
a discharge capacity before storage, obtained by comparing the discharge capacities when charging/discharging was 
conducted at a current value of 1C before and after storage. Table 5 shows the results of the evaluation of these 
5 characteristics. 



Table 5 
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[0097] The non-aqueous secondary batteries in Examples 11 and 12 using the lithium complex oxide of the present 
invention as a positive active material exhibited excellent cycle characteristics and high-temperature storage charac- 
teristics, irrespective of using a thin separator (thickness: 16 u.m). On the other hand, the non-aqueous secondary 
battery in Comparative Example 6 in which the composition was out of the range of the present invention and the non- 
aqueous secondary battery in Comparative Example 7 using LiCoO z or LiNi 0 8 Co 0 2 0 2 used in a commercially available 
non-aqueous secondary battery as a positive active material exhibited cycle characteristics and high-temperature stor- 
age characteristics that were less excellent than those of the present invention. 

[0098] Furthermore, the batteries in Examples 11 and 12 were discharged at a current value of 2C (1200 mA) so as 
to check the characteristics thereof during discharge at a large current. As a result, the discharge capacity of the battery 
in Example 1 1 was 525 mAh, whereas that of the battery in Example 1 2 was 573 mAh. Thus, remarkable enhancement 
of the characteristics was recognized. This is because a lithium-containing cobalt oxide was mixed in the lithium- 
containing complex oxide of the present invention. 



35 



40 



45 



(Example 13) 

[0099] Furthermore, a non-aqueous secondary battery was produced by using a complex of Si and a carbon material 
as a negative active material. Si powder and artificial graphite were mixed in a planet type ball mill to form a complex, 
and the resultant complex was sifted to obtain a negative active material. As a positive active material, the lithium- 
containing complex oxide in Example 1 was used. Thus, a non-aqueous secondary battery was produced in the same 
way as in Example 11, except that the above-mentioned active materials were used. The mass ratio between the 
positive active material and the negative active material was set at 6.6. In this battery, the mass ratio of the positive 
active material was increased due to the use of a high-capacity material as the negative active material. Therefore, 
the discharge capacity was increased by about 7% with the same size as that in Example 11 . 

[0100] The above-mentioned non-aqueous secondary battery was measured for a discharge capacity at a discharge 
current of 2C to obtain 605 mAh. Thus, the battery had excellent characteristics even during discharge at a large 
current. This is because the load on the positive active material during discharge was reduced due to the increased 
mass ratio of the positive active material, resulting in a decrease in a voltage drop. 
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Industrial Applicability 

[0101] As described above, according to the present invention, because of the composition represented by General 
Formula: Li 1+x+a Ni (1 . x . y+6y2 Mn (1 . x . y ^ )/2 M y 0 2 (where 0 < x < 0.05, -0.05 < x+a < 0.05, 0 < y < 0.4; -0.1 < 8 < 0.1 (when 
0 < y < 0.2) or -0.24 < 5 < 0.24 (when 0.2 < y < 0.4); and M is at least one element selected from the group consisting 
of Ti, Cr, Fe, Co, Cu, Zn, Al, Ge and Sn), a high-density lithium-containing complex oxide with high stability of a crystal 
structure and satisfactory reversibility of charging/discharging can be provided. 

[0102] Furthermore, due to the use of the above-mentioned lithium-containing complex oxide as a positive active 
material, a non-aqueous secondary battery with a high capacity excellent in durability can be provided. The above- 
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mentioned lithium-containing complex oxide contains Mn, which is rich in resource and less expensive, as one of main 
components. Therefore, such an oxide is suitable for mass-production, and can contribute to the reduction in cost. 



5 Claims 

1. A lithium-containing complex oxide, comprising a composition represented by General Formula: 
Li i^ + a Ni (i-x-y+6)/2 Mn (i-x.y-«y2 M y 0 2 (where 0 < x < 0.05, -0.05 < x+a < 0.05, 0 < y < 0.4; -0.1 < 8 < 0.1 (when 0 < y 

< 0.2) or -0.24 < 5 < 0.24 (when 0.2 < y < 0.4); and M is at least one element selected from the group consisting 
10 of Ti, Cr, Fe, Co, Cu, Zn, Al, Ge and Sn). 

2. A lithium-containing complex oxide according to claim 1 , which is formed by sintering a complex compound con- 
taining at least Ni and Mn as constituent elements and a Li compound. 

15 3. Alithium-containing complex oxide according to claim 1, wherein 0 < y < 0.4 in the General Formula. 

4. A lithium-containing complex oxide according to claim 1 , wherein 0.2 < y < 0.4 in the General Formula. 

5. Alithium-containing complex oxide according to claim 1, wherein -0.01 5 < x + a < 0.015 in the General Formula. 

20 

6. A method for producing a lithium-containing complex oxide having a composition represented by General Formula: 
Lj i+x+a Ni (i-x-y+8)/2 Mn (i-x-y-5)/2 M y°2 (where 0 < x < 0.05, -0.05 < x+a < 0.05, 0 < y £ 0.4; -0.1 < 5 < 0.1 (when 0 < y 

< 0.2) or -0.24 < 5 < 0.24 (when 0.2 < y < 0.4); and M is at least one element selected from the group consisting 
of Ti, Cr, Fe, Co, Cu, Zn, Al, Ge and Sn), the method comprising sintering a complex compound containing at least 

25 Ni and Mn as constituent elements and a Li compound. 

7. Anon-aqueous secondary battery comprising a positive electrode made of a positive active material, a negative 
electrode made of a negative active material, and a non-aqueous electrolyte, wherein the positive active material 
is a lithium-containing complex oxide having a composition represented by General Formula: 

30 Li 1+x+a Ni (1 . x .y +5 y 2 Mn (1 . x . y ^y 2 M y 0 2 (where 0 < x < 0.05, -0.05 < x+a < 0.05, 0 < y <, 0.4; -0.1 < 5 < 0.1 (when 0 < y 

< 0.2) or -0.24 < 5 < 0.24 (when 0.2 < y < 0.4); and M is at least one element selected from the group consisting 
of TI, Cr, Fe, Co, Cu, Zn, Al, Ge and Sn). 

8. Anon-aqueous secondary battery according to claim 7, wherein the lithium-containing complex oxide is formed by 
35 sintering a complex compound containing at least Ni and Mn as constituent elements and a Li compound. 

9. A non-aqueous secondary battery according to claim 7, wherein 0 < y < 0.4 in the General Formula. 

10. A non-aqueous secondary battery according to claim 7, wherein 0.2 < y < 0.4 in the General Formula. 

11. Anon-aqueous secondary battery according to claim 7, wherein -0.015 < x + a < 0.015 in the General Formula. 
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12. Anon-aqueous secondary battery according to claim 7, wherein the positive active material comprises a lithium- 
containing cobalt oxide in an amount of 50% by mass or less based on the entire positive active material. 

13. A non-aqueous secondary battery according to claim 7, wherein a mass ratio between the positive active material 
and the negative active material ((mass of the positive active material)/(mass of the negative active material)) is 
1.5 to 3.5. 

50 1 4. A non-aqueous secondary battery according to claim 7, wherein the negative active material is at least one selected 
from the group consisting of elements capable of forming an alloy with lithium, an alloy containing the elements 
as main components, a lithium-containing complex nitride, and a complex thereof with a carbon material. 



55 



15. Anon-aqueous secondary battery according to claim 7, wherein the non-aqueous electrolyte contains a chain ester. 

16. A non-aqueous secondary battery according to claim 1 5, wherein the chain ester occupies 50% by volume or more 
of an entire organic solvent contained in the non-aqueous electrolyte. 
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17. A non-aqueous secondary battery according to claim 7, wherein a separator having a thickness of 5 to 20 urn is 
used between the positive electrode and the negative electrode. 
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